To identify those agents reported as being associated with reactive airways dysfunction syndrome (RADS).
Aim
To identify those agents reported as being associated with reactive airways dysfunction syndrome (RADS).
Methods
A systematic review was undertaken. Abstracts were screened and those selected reviewed against pre-determined diagnostic criteria for RADS.
Results
Significant information gaps were identified for all measures of interest. In some articles, even the causative agent was not reported. The most commonly reported agents were chlorine (nine subjects), toluene di-isocyanate (TDI) (n 5 6) and oxides of nitrogen (n 5 5). Most exposures occurred in the workplace (n 5 51) and affected men (60%). Dyspnoea (71%) and cough (65%) were the commonest symptoms. Median symptom duration was 13 months (interquartile range 5 6.5-43.5) for RADS.
Conclusions Although the most commonly reported agent associated with RADS was chlorine, the main finding of a general lack of adequate information on exposure, investigation and outcome suggests that to better explore RADS a more structured approach to gathering information is required. A minimum data set for reporting RADS cases is proposed.
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Background
Twenty years ago, Brooks coined the term 'reactive airway dysfunction syndrome' (RADS) [1] which he defined as symptoms simulating asthma within 24 h of a single, massive, chemical exposure. The United Kingdom surveillance of work-related and occupational respiratory disease (SWORD) survey found that the prevalence of asthma in those who had had an acute irritant exposure varied, apparently affected by the intensity and length of acute exposure, the duration of follow-up and the suspected agent [2] . As the agent involved in RADS may affect prognosis, the authors aimed to assess the range of agents implicated in RADS.
Methods
A systematic review of RADS using Brooks' criteria (see Figure 1 ) was undertaken. Studies were included if subjects suffered from RADS as defined by Brooks. Reactive airways dysfunction was defined (see Figure 1) as requiring a documented absence of preceding respiratory complaint with symptom onset occurring after a single specific exposure incident to a gas, smoke, fume or vapour present in very high concentrations which had irritant qualities to its nature. Further, Brooks required that the onset of symptoms occurred within 24 h after the exposure and persisted for at least 3 months, that symptoms simulated asthma (cough, wheezing, chest tightness and dyspnoea) and that while pulmonary function tests might show airflow obstruction, methacholine challenge testing was positive and other types of pulmonary disease were ruled out. Studies were excluded if they contained no cases meeting Brooks' RADS criteria or were duplicate publications or follow-up studies. Studies were identified by searching MEDLINE, EMBASE and CINAHL from 1985 to 2005 (limited to English language and further limited to human research for EMBASE and MEDLINE) supplemented by review of references of recent review articles and original reports. The search was complemented by hand-searching consyndrome, irritant-induced asthma, toxic gas inhalation, non-immunologic asthma or irritant gas.
Two people (M.S.S. and F.D.D.) reviewed all titles and abstracts to exclude studies that failed to meet inclusion criteria. Full texts selected were reviewed to exclude studies where the patient did not have RADS. Disagreements on three cases were resolved by discussion. A single reviewer (M.S.S.) extracted data on the causative agent or agents, exposure level, duration of overexposure, location of accident, number of cases, symptom onset, symptoms, symptom duration, the provocation concentration causing a 20% fall (PC 20 ) in forced expiratory volume in 1 s after inhalation of methacholine or histamine, forced expiratory volume in 1 s (FEV 1 %), FEV 1 /forced vital capacity ratio (FVC), variation of peak expiratory flow, treatment onset, treatment type, treatment response, atopy and, where undertaken, biopsy results. After data extraction, results were entered on separate tables for each category of data (e.g. PC 20 , FEV 1 %) extracted.
Results
Eighty-four articles and abstracts were found but 25 of the articles identified either contained no cases meeting RADS criteria or were duplicate publications or followup studies and so were excluded. Among the 633 cases described in the 59 articles selected, 63 cases met Brooks' criteria and 570 had insufficient data for allocation to RADS (Appendix 1). Of the 63 RADS cases, 38 (60%) were male, 12 (19%) female and in 13 (21%) gender was not reported. The mean age in this group was 37.8 (SD 11.6) years but age was not reported for seven people.
The most common agents in patients who met Brooks' criteria were chlorine (nine subjects), TDI (six subjects), oxides of nitrogen (five subjects), acetic acid (four subjects), sulphur dioxide (four subjects) and paint (four subjects) [1] .
The most frequent location of exposure episode in those with RADS (n 5 63) was the workplace (n 5 51) with others occurring in the environment (eight subjects), home (three subjects) and not reported (one subject). The proportion of non-atopic patients was higher than atopic patients but for 41% of RADS group atopic status was not reported.
The onset of symptoms in Brooks' group occurred immediately (within 1 h) in 29 patients and within 24 h in 34 patients. In one article that reported 20 cases [3] , the onset of symptoms in 17 cases occurred within 24 h and in three cases within 1 week. It is unclear in which of those cases symptoms began within 1 week. As it was not possible to categorize these 20 patients, they were excluded.
Dyspnoea, cough and wheeze were the most common symptoms. Seventy-one per cent of RADS subjects had dyspnoea (n 5 45), 65% cough (n 5 41), 43% wheeze (n 5 31), 43% chest tightness (n 5 27), 29% upper respiratory irritation (n 5 18), 25% eye irritation (n 5 16), 16% mucus production (n 5 10) and 6% cyanosis (n 5 4). In the RADS group, symptom duration was recorded in all cases. The median and interquartile range (IQR) for symptom duration in patients who met Brooks' criteria was 13 (6.5-43.5) months.
Of 63 patients who met Brooks' criteria, 19 (30%) were smokers with a median (IQR) consumption of 11 (7-18) pack-years, 7 patients (11%) were ex-smokers with a median (IQR) consumption 5 (5-10.8) pack-years and 21 (33%) patients were non-smokers. In 16 subjects with RADS (25%), no information was given about smoking.
Information regarding FEV 1 % was available for 49 of the 63 (78%) subjects with RADS. Among these 49 subjects, 16 subjects (33%) had an FEV 1 % ,80%, the median (IQR) for FEV 1 % being 63% (55.5-75). FEV 1 /FVC ratios were available for 44 of the 63 patients (70%) meeting Brooks' criteria and in 23 of these 44 cases (52%), the ratio was ,80%. The median FEV 1 /FVC ratio was 69% (64.3-71.8).
Discussion
The most commonly reported agents in the literature associated with a diagnosis of RADS were chlorine, TDI and oxides of nitrogen. The agents most frequently implicated in RADS were as anticipated although this list is likely to be incomplete as many cases of RADS may go unreported. It is possible that a degree of publication bias exists as once an agent has been first reported thereafter single case studies are less likely to be published and so the relative contribution of some agents to the overall burden of RADS may be underestimated. As these reports are essentially descriptive papers such suspected publication bias cannot be formally tested. However, the main finding was the remarkable inconsistency in the information provided, which in many cases did not permit a diagnosis of RADS despite being reported as such. In .40% of all cases, data were missing. In five articles, the causative agents were not stated.
Information on outcomes in relation to exposures needs to be collected formally and in a structured way if better advice and understanding of these conditions is to be gained. It is proposed that the data listed in Figure 1 constitute a minimum data set for reporting of RADS cases in the medical literature. A web-based reporting system with a database that could be updated online to permit the reporting and follow-up of cases would be of benefit and would deal to some extent with the issue of publication bias.
In summary, a systematic review of agents reported as being associated with RADS has been undertaken. The key finding is a lack of complete reporting of relevant information which limits generalization from, or summary of, these reports. As a consequence, a minimum data set for reporting RADS in the literature is proposed.
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Key points
• There was a general lack of adequate information on exposure, investigation and, in particular, outcome of reported cases or case series of RADS.
• The most commonly reported agent associated with RADS was chlorine with TDI and oxides of nitrogen next most common.
• We suggest that a web-based database of RADS (and irritant-induced asthma) cases be established which would allow continuous update and better analysis of outcome in these individuals.
